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HEAVY METALS CONTENT IN THE SELECTED SOILS AND 
FRUITS IN MONTENEGRO AND ESTIMATION OF THEIR DAILY 
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SUMMARY: Levels of Pb, Ni, Cr and Cd, in soil and fruits (Rubus 
in Montenegro were examined. Heavy metals content in the samples was 
determined by AAS method. In the soils, the content of heavy metals was 
below pollution threshold, except at one location (Kolašin region). In the 
berries, heavy metals content was mostly within normal range for plants and 
guideline values for fruits. The calculated daily intakes of metals through 
selected fruits consumption are found to be below the recommended tolerable 
daily intakes proposed by FAO/WHO. 
Key words: Heavy metals, soil, food, contamination, blueberry, 
raspbery, daily intake.
INTRODUCTION
The major public concern for quality of food and risk, regarding the consumption 
of products contaminated by pesticides, heavy metals and/or toxins, has been constantly 
increasing (D’Mello, 2003). Some trace elements, such as: Cd, Hg, Pb and As, of both 
natural and anthropogenic sources are related to human health condition. Heavy metals, 
in general, are not biodegradable, have long biological half-lives and have potential for 
accumulation in different body organs, leading to unwanted side effects (Jarup, 2003). 
The general population is exposed to trace elements mainly by ingestion of drinking 
water and food and by inhalation of air (Kabata-Pendias and Mukherjee, 2007). Food 
contamination with heavy metals depends on several factors amongst which are soil 
1
senior scientist, Faculty of Biotechnology, Podgorica, Montenegro.
dradanovic@mocbilja.rs
45
concentration, soil chemical and physical properties, human activities (such as: irrigation 
with contaminated water, addition of low quality sewage sludge, fertilizers and metal-
based pesticides, industrial emission, transport, the harvesting process, storage, and/or at 
the point of sale) and plant species and cultivars. 
Among trace elements, lead (Pb), cadmium (Cd), mercury (Hg), and chromium 
(Cr) appear to be primarily involved in dietary exposure to chemical contaminants 
(Gunderson, 1995). Lead and cadmium are among the most abundant heavy metals and 
are particularly toxic. Excessive content of these elements in food is associated with a 
number of diseases and are implicated in carcinogenesis, mutagenesis and teratogenesis. 
On the other hand, nickel and chromium have been recently introduced as essential 
elements, but can be toxic at high level of exposure. Studies on humans and experimental 
animals have shown that trivalent chromium has an essential role in the maintenance of 
normal glucose and fat metabolism in humans and animals, while nickel may have some 
There is plenty of information on heavy metals in vegetables and estimations 
of their daily intake through vegetable consumption worldwide (Kumar et al., 2009; 
Maleki and Zarasvand, 2008; Radwan and salama, 2006), but there are limited data 
regarding heavy metals in fruits, particularly blueberry and raspberry. Keeping in view 
the potential toxicity, persistent nature and cumulative behavior of heavy metals, as well 
as the increasing consumption of fruits, there is necessity to analyze these food items to 
ensure that the level of heavy metals meets the international requirements. This study, 
therefore, presents data on the level of heavy metals (Pb, Ni, Cr and Cd) in selected 
soils and fruits from Montenegro, as well as the calculated daily intakes of these metals 
through selected fruits consumption. 
MATERIAL AND METHODS
The soil and berries (Rubus idaeus - raspberry and Vaccinium myrtilus - blueberry) 
samples were collected at 26 locations in Northern Montenegro (regions: Bjelasica 
mountain, southern hillside of Lisa mountain, Pljevalja, river Lim valley and river Tara 
valley) from the end of July to the end of August 2008, during maturity period. 
Blueberry samples were labeled by the letter B and ascending numbers. Raspberry 
samples were labeled by the letter M and ascending numbers. After collection, fruit 
samples were frozen up to -18°C and brought to the laboratory. Before the analyses, 
fruits were defrosted, then oven-dried (80ºC) for 15 hours, and grounded to powder. 









ml-1 -1 -1 -1.
Soil samples were collected from the depth of 30 cm by digging an adequate 
hole close to each sampling plant. For shallow soils, sampling depth was up to parent 
material. After collection, samples were labelled to correspond to the berries samples, 
then placed in polythene bags, brought to the laboratory, air-dried (20ºC), and sieved 
through a 2 mm stainless-steel mesh. Pseudo-total metal concentrations in soil samples 
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3050). Detection limits, calculated as analytic concentration greater than three times the 
standard deviation, obtained after eight measurements of the blank solution, were 0.007 
-1 -1 -1 -1.
The results obtained are presented as the average value and standard deviation 
derived from three replicants of each sample.
RESULTS
Pseudo-total content of heavy metals: Ni, Cr, Pb, and Cd, in the soils (Table 1) was 
below pollution threshold at all locations, except Ni and Cr concentrations at M14 (152.9 
mg kg-1 and 133.2 mg kg-1, respectively). 
Table 1. Heavy metals in the soils (mg kg-1)
Pb Cd
9.2 0.24 13.3 0.28 39.6 1.10 1.11 0.01 
18.0 0.33 13.7 0.22 39.4 0.09 0.25 0.01 
9.9 0.26 10.3 0.21 66.1 1.13 0.26 0.02 
13.6 0.42 14.5 0.31 61.7 0.08 0.41 0.02 
3.0 0.12 6.4 0.17 34.1 0.69 0.05 0.004 
- - - -
7.4 0.18 8.5 0.22 60.1 1.10 < d.l. 
4.3 0.12 9.3 0.35 36.8 0.78 < d.l. 
20.0 0.52 20.0 0.39 43.6 0.56 0.05 0.003 
2.1 0.11 5.3 0.16 43.3 0.62 < d.l. 
- - - -
9.72 11.28 47.20 0.355 
25.9 0.32 19.1 0.52 32.1 0.55 0.05 0.005 
28.5 0.24 22.9 0.44 32.5 0.42 < d.l. 
M3 28.7 0.31 17.1 0.27 27.7 0.33 < d.l. 
M4 27.0 0.28 20.6 0.37 31.4 0.39 < d.l. 
30.4 0.36 20.2 0.51 26.8 0.51 < d.l. 
25.6 0.17 41.5 0.45 88.6 1.98 2.92 0.09 
18.0 0.29 13.7 0.34 39.4 0.64 0.25
27.0 0.22 21.3 0.38 68.9 1.73 < d.l. 
13.6 0.19 14.5 0.23 61.7 0.98 0.41 0.03 
- - - -
- - - -
50.2 0.25 45.1 0.55 69.8 1.13 0.15 0.008 
54.2 0.31 48.2 0.48 60.0 1.23 0.05 0.002 
152.9 0.71 133.2 1.32 24.7 0.85 < d.l. 
- - - -
40.17 34.49 46.99 0.64 
               20-60 50-200 20-300 1-5 
Source: * - Bowen, 1979.
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Heavy metal content in both blueberry and raspberry samples (Table 2), expressed 
content was found only in blueberry at location B8.
Table 2. Heavy metals in the fruits (mg kg- 1 d.w.)
Pb Cd
 1.0 0.02 0.7 0.04 1.9 0.11 0.10 0.002 
  1.5 0.07 0.9 0.04 3.2 0.23 0.16 0.003 
1.5 0.06 1.2 0.08 1.6 0.11 0.11 0.001 
3.1 0.09 0.2 0.03 3.9 0.18 0.16 0.002 
1.5 0.04 0.8 0.05 3.9 0.21 0.16 0.002 
1.5 0.10 0.9 0.05 8.4 0.57 0.11 0.001 
1.3 0.08 1.4 0.03 3.3 0.14 0.11 0.002 
51.2 0.56 1.1 0.06 4.5 0.16 0.64 0.01 
2.0 0.11 1.1 0.05 4.1 0.21 0.10 0.001 
1.6 0.10 1.0 0.07 2.4 0.13 0.05 0.003 
1.6 0.09 1.2 0.06 10.5 0.38 0.11 0.002 
6.169 0.9618 4.323 0.1645 
9.9 0.29 0.3 0.02 2.7 0.12 0.43 0.003 
- - - -
M3 3.9 0.14 0.3 0.02 6.0 0.40 0.27 0.002 
M4 6.4 0.18 0.4 0.03 2.8 0.22 0.38 0.002 
9.6 0.29 0.8 0.06 3.0 0.21 0.48 0.005 
0.05 0.002 0.4 0.04 2.1 0.31 0.11 0.002 
6.0 0.41 0.2 0.01 3.0 0.18 0.38 0.001 
1.9 0.05 0.4 0.02 2.3 0.17 0.32 0.001 
4.1 0.10 0.8 0.09 3.6 0.20 0.59 0.007 
1.7 0.08 0.6 0.01 2.4 0.16 0.11 0.002 
3.2 0.11 0.8 0.07 2.8 0.13 0.32 0.004 
2.7 0.13 0.7 0.03 4.4 0.25 0.21 0.001 
- - - -
10.0 0.39 0.6 0.04 2.55 0.19 0.27 0.002 
3.6 0.26 0.9 0.03 3.5 0.26 0.48 0.003 
4.849 0.5492 3.188 0.3346 
0.02 -5 0.03-14 0.2-20   0.1-2.4 
Source: * - Kabata-Pendias and Mukherjee, 2007.
Estimation of heavy metal intake requires information on the levels of metals in food 
and the amount of food consumed (NAS/IOM, 2003). Calculation of an estimated daily 
intake of heavy metals in this study is based on the average metal content in the berries 
expressed on the fresh matter basis. In order to obtain average metal concentrations in 
fresh berries, the average concentrations of metals in dry matter were divided by 10, 
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based on the assumption that berries contain at least 90 % of water. Therefore, if a person 
consumes 200 g of fresh blueberry per day, they will then ingest 123.38 µg Ni day-1, 
19.24 µg Pb day-1, 86.45 µg Cr day-1, 3.29 µg Cd day-1; or 96.98 µg Ni day-1, 10.98 µg Pb 
day-1, 63.77 µg Cr day-1 and 6.69 µg Cd day-1 by consumption of 200 g of fresh raspberry 
(Table 3).
Table 3.  Estimated daily intake of heavy metals through consumption of the selected fruits
Pb Cd
Average concentration 
(mg kg-1 f.w.) 0.6169 0.09618 0.4323 0.01645
Estimated daily intake 
(µg day-1) 123.38 19.24 86.46 3.29
Average concentration 
(mg kg-1 f.w.) 0.4849 0.05492 0.3188 0.03346
Estimated daily intake 
(µg day-1) 96.98 10.98 63.76 6.69
DISCUSSION
Heavy metals accumulation in soils is of concern in agriculture due to adverse effects 
on food quality, plant growth and environmental health. Pseudo-total content of heavy 
metals: Ni, Cr, Pb, and Cd, in the soils under this investigation corresponds to unpolluted 
and un-serpentinic sites (Kabata-Pendias and Mukherjee, 2007). High concentrations of 
both Ni and Cr at the same location – M14 imply to their natural sources, although it does 
not exclude potentially high accumulation of these elements in plant tissue. 
Heavy metal accumulation in the food chain can be highly dangerous to human 
health. These metals enter the human body mainly through two routes: inhalation and 
ingestion, and the ingestion being the main route of exposure. Since dietary intake of 
food may constitute a major source of long-term low-level body accumulation of heavy 
metals, the detrimental impact becomes apparent only after several years of exposure. 
is essential for preventing excessive buildup of the metals in the food chain (Islam et al., 
2007).
It has been reported that nearly half of the mean ingestion of lead, cadmium and 
mercury through food is due to plant origin (fruit, vegetables and cereals) (Islam et al., 
2007). Taking into consideration that results of the present study are given on the basis 
of dry weight and that most fruits contain at least 90 % of water, they show low level 
of contamination of selected fruits with heavy metals, compared with permissible levels 
given by FAO, WHO and EC. According to Commission regulation (EC) No 1881/2006, 
maximum level of Pb in berries is set on 0.2 mg kg-1 of fresh weight, while Cd level is 
0.05 mg kg-1 f.w.
In order to establish certain food quality criteria, as well as to assess trace 
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element risk level, several governmental and private organizations have made a set of 
recommendations, such as Acceptable Daily Intakes (ADIs) and Provisional Tolerable 
Daily Intakes (PTDIs) proposed by World Health Organization (WHO), and Reference 
Dose (RfD) derived by USEPA, which represents an estimate of the daily exposure 
to which human population may be continually exposed over a lifetime without an 
appreciable risks of deleterious effects of heavy metals.
Our estimated daily intake of heavy metals by the studied fruits is below limit 
intakes set by FAO/WHO on the basis of body weight for an average adult (60 kg body 
weight). PTDI for Pb , Ni, Cr and Cd are 214 µg, 300 µg, 200 µg and 60 µg, respectively 
(Joint FAO/WHO Expert Committee on Food Additives, 1990). Thus, the consumption 
of an average amounts (around 200 g) of these foodstuffs does not pose a health risk for 
the consumer.
For Cr, as essential element for humans and animals, the US National Research 
1989). It is usually considered that almost all the chromium in food is in the trivalent 
form (MAFF, 1999). Ingestion of Cr by consumption of an average amount of the fruits 
from the present study falls within the proposed interval. Consumption of an average 
amount of blueberry and raspberry studied also corresponds to an average daily intake of 
nickel (130 µg person -1day-1, Kabata-Pendias and Mukherjee, 2007).
CONCLUSION
The present study provides additional data on heavy metals content (Pb, Ni, Cr and 
Cd) in soils and berries (blueberry, raspberry) from Montenegro and also help in risk 
assessment of consumer exposure to heavy metals through selected fruits consumption. 
Soil contamination with heavy metals has not been found, except at one location. Heavy 
metals content in blueberry and raspberry was mostly within normal range for plant 
material and within guideline values for fruits. Daily intakes of these metals through 
selected fruits consumption are found to be below the recommended tolerable daily 
intakes proposed by Joint FAO/WHO Expert Committee on Food and Additives and 
may not pose a health hazard to consumers. Nevertheless, regular survey of heavy metals 
in fruits, as well as in other foodstuff, is recommended in order to evaluate whether any 
health risk does exist, to ensure food safety and to protect users from food that might be 
threat to their health.
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(Vaccinium myrtilus) i maline (Rubus idaeus
metala u plodovima borovnice i maline nalazio se u intervalu normalnih vrednosti za 
dnevni unos.
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